Material and methods
began) and 1986. Ninety six deaths were found in the 96% of persons traced. Mortality was compared by the person-years method with that of the Ontario population. An estimate of cumulative dust exposure was made based on long term employees' recollections of past conditions. Overall mortality was below that expected (standardised mortality ratio (SMR) = 76) based on 82 deaths. There were 11 deaths due to lung cancer; slightly but not significantly more than expected (SMR = 136, p = 031). Analysis by both duration of employment and cumulative exposure showed this increase to be inconsistent with an occupational aetiology.
After a conference on the effects ofmanmade mineral fibres (MMMF) a review by Doll concluded that, while there had been an increase in risk oflung cancer for certain workers employed in rock or slag wool and glass wool sectors of the MMMF industry, no risk had been demonstrated in the glass filament industry.' This conclusion was based on results from subcohorts of two major studies that found a total of 79 deaths from lung cancer in filament workers; somewhat fewer than expected (SMR = 93).2 3 Among the studies of glass wool workers was one at a plant in Sarnia, Ontario, Canada, that found a higher SMR for lung cancer compared with that found elsewhere.4 The company also owned a glass filament plant and we decided to study workers there. Of particular interest were the incidence of lung cancer and, to a lesser extent, non-malignant respiratory disease.
Material and methods

SITE OF STUDY
The study was conducted at a glass filament plant in Guelph, Ontario, Canada, which opened in 1951 with 35 hourly rated employees, and currently has about 500. The process involves drawing liquid glass through bushing plates to create filaments 6-24 um diameter. These are sized and wound into packages. Subsequent processing (such as chopping, braiding, twisting, and plying) is also carried out at the plant.
STUDY POPULATION
We studied all hourly rated and salaried workers who had been employed for a total of at least one year at any time between the opening of the plant and the end of 1986. Personal data and histories of work for hourly rated workers were virtually complete from 1951 onward (preliminary audit showed 5% missing in 1955, 1 5%, in 1966, and less than 1% in 1974). The completeness of the cohort was verified by using union seniority lists and company payroll ledgers, checked on average every 18 months over the lifetime of the plant. According to these checks no one with more than one year's employment had been missed from the cohort. Dust samples were taken between 1979 and 1987 and analysed using the method recommended by the National Institute of Occupational Safety and Health for measuring concentrations of fibrous glass.6 The time weighted averages (based on roughly 20 personal samples in each area) were between 0-02 and 0 05 f/ml (geometric means were slightly lower). The highest value observed for any sample was 0-91 f/ml. The proportion of fibres that are glass is unknown. that expected (SMR = 76, p = 0-012) as was death from circulatory disease. This was apparently not due to a "healthy worker effect," as the SMR for the period beyond 15 years from first exposure (77) was only slightly higher than that for overall mortality. Among women the number of deaths was close to that expected. The greatest excess occurred for circulatory diseases, but it was not significant (p = 0 07). Deaths from cancer in women were fewer than expected. No cases of lung cancer were found in women and hence analysis related to this was for men only.
The two deaths from non-malignant respiratory disease were fewer than expected. For lung cancer, however, 11 cases were found compared with 8 1 expected (SMR = 136), and proportional mortality (given the low all cancer SMR) was high. For this reason, the data were divided by time since first exposure to dusts and cumulative dose (table 3) . This showed a higher SMR in the shorter latency period, although the number of cases was small. Further, there was no trend towards an increasing SMR with increasing cumulative exposure to dust.
Analysis of data omitting the first five and the last five years of exposure to dust showed no pattern of increasing risk with increasing exposure (table 4).
Discussion
The results appear to confirm those of other studies, which have not found increased mortality-from lung cancer or other causes-associated with manufacturing glass filaments (textiles). Several points are, nevertheless, worthy of comment as follows.
We did not have data on smoking habits. The low mortality, however, from circulatory and non-malignant respiratory diseases suggests that it was not higher than the norm for the province. Local mortality, which might at least partially adjust for smoking habits, was below the provincial average. From 1973 to 1979 the death rate in Guelph, where the plant is located, was 6% below that in Ontario, and lung cancer among men aged 35-69 was 2% less.7 This had a negligible effect on the results.
The dust estimates were based on memory, rather than measurement, and although we treated them as interval data, they may have been little more than ordinal. Also, estimates provided by management and by hourly paid (union) employees, although mostly in agreement, were sometimes highly discrepant. Recalculation of the exposure response relation, however, using either set of estimates rather than the average made no appreciable change.
The dust levels recorded were low, despite the fact that sampling concentrated on areas where the worst conditions were expected; these levels may not be typical of all plants. It should be emphasised, however, that the method used only coated fibres which were thinner than 3 5 pm diameter and larger than 10 pm, and did not discriminate between glass and non-glass fibres.
The site of one cancer was miscoded as shoulder rather than lung; it would have been inappropriate to reclassify it as a lung cancer, and the effect on the exposure response relation would have been small.
The cohort included all subjects who met the eligibility criteria, but the numbers were nevertheless relatively small. For the male cohort as a whole, the power to detect a significant increase was 80% if the true effect was slightly more than a doubling of the risk of lung cancer.
